The transresistance (i.e. the voltage induced in one layer by a current in another) between composite fermions in double-layers of half-filled Landau levels is shown to be dominated by scattering due to singular gauge field fluctuations arising from the antisymmetric combination of density fluctuations in two layers. The drag rate is found to be proportional to T 4/3 for T less than an energy scale Ω cr which depends on the spacing, d, between the layers. An observation of a T 4/3 temperature dependence in the transresistance would be a strong evidence for the existence of the gauge field fluctuations.
Recently there has been much interest in possible non-Fermi-liquid behavior of strongly correlated electron systems, stimulated in part by the unusual properties of high temperature superconductors [1] . One of the characteristics which distinguishes these systems from the usual Fermi-liquid is an anomalous temperature dependence of the transport properties corresponding to a scattering rate of T α with α < 2 instead of the usual T 2 dependence of a Fermi liquid. One interesting class of proposed explanations involves scattering off a novel soft collective gauge field mode [2] .
A closely related system is the two dimensional electron gas in a high magnetic field at the filling fraction ν = 1/2, which has been found experimentally to be a compressible liquid displaying metallic properties [3] . Using the Chern-Simons gauge transformation and the concept of the composite fermions [4] [5] [6] , Halperin. Lee, and Read constructed a theory for the ν = 1/2 state and other even denomenator filling fractions [7] . In their theory, a
Chern-Simons gauge transformation is introduced in which an even number of flux quanta are attached to each electron making a composite fermion. The composite fermion moves in a field given by the sum of the external magnetic field and the Chern-Simons statistical magnetic field [6, 7] . In the mean field theory at even-denomenator filling fractions, the sum of these two magnetic fields vanishes so that the composite fermions see zero magnetic field and form a Fermi sea which may explain the experimental observations.
Corrections to the mean field theory involve fluctuations of the Chern-Simons gauge field; these turn out to be strong enough to generate a singular self-energy correction which invalidates the existence of the quasiparticle in the sense of the Landau-Fermi-liquid theory [7] [8] [9] [10] [11] [12] [13] .
Thus the system can be regarded as an example of non-Fermi-liquid [11] [12] [13] [14] . However, in the conventional experimental geometry for a single layer, the long-range Coulomb interaction suppresses the effects of the gauge field fluctuations. It turns out that the self-energy correction is Σ(iω) ∝ iωlnω so that the effective mass is only logarithmically singular. Thus, for a single layer in the conventional geometry, the non-Fermi-liquid behavior is marginal and not easily detected experimentally.
A double-layer system of half-filled Landau levels is different; it supports two distinct collective modes or gauge fields corresponding to the symmetric and the antisymmetric combinations of density fluctuations in two layers [15] . Because the antisymmetric density fluctuations are screened at sufficiently low energy, they lead to the stronger self-energy correction Σ(iω) ∝ ω 2/3 while the symmetric gauge field fluctuation gives Σ(iω) ∝ iωlnω [15] . Thus one can expect that the double layer system shows stronger and more easily observable non-Fermi-liquid properties.
Double-layer systems also allow a novel measurement of the scattering mechanism [16] . If (as is often the case) there is no tunneling between two layers, momentum can be transfered from one layer to another only via a scattering event between a carrier in one system and a carrier in the other system. As a result, if a current is driven through one of the subsystems (active layer), then an induced current is dragged in the other system (passive layer) and the magnitude of the current is a measure of the scattering rate. In real experiments, no current is allowed to flow in the passive layer so that a voltage is induced. The ratio between the induced voltage in the passive layer and the driven current in the active layer is the socalled transresistance which has been measured for Coulomb-coupled double-quantum-well systems [16] , electron-hole systems [17] , and normal-metal-superconductor systems [18] . The transresistance for each system has also been calculated theoretically [19] [20] [21] . In this paper, we calculate the temperature dependence of the transresistance in double layers of half-filled Landau levels.
Let us consider a double-layer electron system in a high magnetic field. We write the layer spacing as d, the electron density in one layer as n e , and the magnetic field as B. We shall suppose that the filling fraction ν is an even denominator fraction such as 1/2 or 1/4
for which a compressible state would be formed in an isolated layer. We define the quantitỹ φ from the equation B =φn e Φ 0 with Φ 0 = hc/e being the flux quantum. In this paper we will useh = e = c = 1 so Φ 0 = 2π. For the principal series ν = 1/2m,φ = 2m. It is also convenient to introduce the magnetic length l B = (B/(2π)) 1/2 and the Fermi wavevector k F of the compressible state, where k F = √ 4πn e = 1/( √ ml B ). In particular, at ν = 1/2,φ = 2
We assume that all the spins are polarized and there is no tunneling between two layers.
When the layer spacing d is comparable to or shorter than the interparticle spacing in one plane, the interlayer Coulomb interaction becomes as strong as the intralayer one and the ground state of the system is expected to be a quantum Hall liquid [22] . One the other hand, if d is sufficiently larger than the interparticle spacing, each layer can be considered as a compressible ν = 1/2 state at least in the physically relevant range of temperatures [23] .
To study the case of well separated layers, one can perform two independent flux attachment transformations for electrons in different layers and introduce corresponding two
Chern-Simons transverse gauge fields, a α (α = 1, 2). Here the bold face quantities are vectors in two spatial dimensions. The low energy effective action for the system can be written 
where ε is the dielectric constant.
The mean field approximation corresponds to taking the average of the Chern-Simons statistical magnetic field. In this case, the constraints are replaced by ∇ × a α = 2πφn e . 
where γ = 2n e /k F and χ 0 = 1/24πm * . If q ≪ 1/d and q ≪ k F , the propagators can be approximated as [15] 
where
On the other hand, for
The a − fluctuation is seen from Eq. 4 to be more infrared singular than a + in the limit qd ≪ 1.
The conductivity tensor σ αβ can be calculated in terms of the retarded current-current correlation function Π αβ,R . We are interested in σ 12 which gives the current induced in plane 1 by an electric field in plane 2. This may be expressed as
(We have assumed, without loss of generality, that q is parallel tox). The retarded currentcurrent correlation function Π αβ,R yy (q, Ω) is the Fourier transform of To get the leading behavior in this limit it is sufficient to take both wavy lines to involve a − fluctuations and to evaluate the the resulting expressing by scaling. The important internal momenta turn out to be of
, and the condition for the validity of the approximation is q Ω d ≪ 1; i.e.
Ω ≪ Ω cr with
For larger frequencies, the planes become effectively decoupled and the gauge contribution to the transconductivity drops rapidly. We also note that another important energy scale is the composite fermion energy ε F = k 2 F /(2m * ); the theory is only valid for Ω < ε F . Putting the definitions and numerical factors into Eq 7 yields
Notice that this crossover scale is smaller by a numerical factor of order 10 than previous estimate obtained by Bonesteel from a calculation of composite fermion self-energies [15] .
Returning now to the the calculation we find that, in the Ω < Ω cr limit, the sum of two diagrams in the |q| → 0 limit can be written in a compact way as
and θ kq represents the angle between k and q. G(k, iω) = 1/(iω−ξ k ), where
is the free fermion Green's function.
In the limit q
Using this result, one can calculate Π 12 yy (iν). After the analytic continuation iν → Ω + iδ, Π 12 yy (Ω) can be obtained as
where c 1 = √ 3/1024π 4 and c 2 = [ln2+β(3/4)]/2304π 4 . Therefore, the real and the imaginary parts of the transconductivity is given by
Now we are going to show that the above result is consistent with a modified Drude formula with a frequency dependent decay rate 1/τ D (Ω). The generalized Drude formula can be written as
In the limit 1/τ D (Ω) ≪ Ω, Eq 14 becomes
Comparing Eq.15 and Eq.13, one can see that
and
As noted above, the theory only applies for Ω < min(Ω cr , ε F ); for these frequencies one sees immediately from Eq 17 that Ωτ D > 1, so the result is consistent.
For finite temperatures T , one can replace Ω by T in Eq.17. Now one can infer the DC limit by assuming that the full σ 12 (Ω, T ) is given by Eq.14 with 1/τ D (Ω) being replaced by 1/τ D (T ) and by checking whether it is consistent with the result of the optical transconductivity at T = 0. The considerations above lead to the conclusion that the finite temperature
We now make numerical estimates for Ω cr and Re σ 12 (T [19, 20] . Even in the clean limit, σ 11 and σ 22 in the drag geometry are finite because the system is not Galileaninvariant. Since σ 11 and σ 22 are determined from the in-plane transport scattering rate which is also proportional to T 4/3 [2, 7] , the transresistivity is still proportional to 1/τ D .
In summary, we calculate the drag rate in double-layers of half-filled Landau levels. The drag is dominated by the scattering of composite fermions by the antisymmetric combination of the gauge fields or the density fluctuations in two layers. It is found that this gauge drag rate is proportional to T 4/3 .
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